In vitro addition of bovine growth hormone (GH) to intact hemidiaphragms from hypophysectomized rats has previously been found to produce both an early stimulatory effect lasting for 2\p=m-\3hours and a subsequent late inhibitory effect during which the muscle is insensitive to further addition of GH (Hjalmarson 1968). These effects on the accumulation rate of \g=a\-aminoisobutyric acid (AIB) and D-xylose have been further studied. In presence of actinomycin D (20 \g=m\g/ml) or puromycin (100 \g=m\g/ml) the duration of the stimulatory effect of GH (25 \g=m\g/ml) was prolonged to last for at least 4\p=m-\5hours and the late inhibitory effect was prevented. Similar results were obtained when glucose-free incubation medium was used. Preincubation of the diaphragm at different glucose concentrations (0\p=m-\5 mg/ml) for 3 hours did not change the GH sensitivity. Addition of insulin at start of incubation could not prevent GH from inducing its late inhibitory effect, while dexamethasone seemed to potentiate this effect of GH. Furthermore, adrenaline was found to decrease the uptake of AIB-14C and D-xylose-14C in the diaphragm, but not to change the sensitivity of the muscle to GH.
(AIB) and the inert pentose D-xylose (Hjalmarson 1968) . Immediately after the addition of GH a marked stimulatory effect was seen, which then gradually de¬ clined with the incubation time and was no longer seen after 3 hours. At this time the muscle tissue was more or less insensitive or refractory to further addition of GH. This phenomenon has been called the late inhibitory effect of the hormone. The fact that two phases of the GH action in vitro with the same time sequence also have been reported on the carbohydrate and lipid metabolism in adipose tissue (Goodman 1967; Fain et al. 1965) shows that the complex pattern of the GH effects is not restricted only to membrane transport processes in the rat dia¬ phragm muscle. Further experiments to elucidate the biphasic action of GH in the rat diaphragm might therefore be of importance for the understanding of the mechanism of action of the hormone.
The present investigation was undertaken to analyse the early stimulatory and the late inhibitory effects of GH in vitro on the uptake of AIB and D-xylose in the diaphragm. It was studied whether the two effects of GH on the membrane transport are related to the stimulation of protein and RNA synthesis exerted by the hormone. The effects of GH were therefore studied in presence of puromycin and actinomycin D. Puromycin is known to be an inhibitor for protein synthesis in mammalian cells (Yarmolinsky & de la Haba 1959; Zamecnik 1962) , while actinomycin D is considered to inhibit the DNA-dependent RNA synthesis (Reich et al. 1962; Hurwitz et al. 1962 ). The stimulatory and inhibitory effects of GH were studied both in presence and in absence of glucose in the incubation medium.
Furthermore, it was studied whether insulin, adrenaline and dexamethasone could either modify or mimic the effects of GH. Preliminary results of some of the present experiments have been briefly re¬ ported (Hjalmarson & Ahrén 1967 c; Ahrén & Hjalmarson 1967 ).
METHODS

Animals
Female rats of the Sprague-Dawley strain were maintained on a semisynthetic diet (Gustavsson 1959; Ahrén 1959 ) and water ad libitum. Hypophysectomy was performed by the standard parapharyngeal approach at the age of 4-5 weeks (54-75 g). The com¬ pleteness of hypophysectomy was checked as described previously (Hjalmarson & Ahrén 1967a ). None of the hypophysectomized rats gained more than 8 g in weight during the period between the hypophysectomy and the in vitro experiments (13-16 days). The body weights of the rats at autopsy were 52-77 g.
Chemicals
The radioactive substances were obtained from the Radiochemical Centre, Amersham, England. The substances were used with the following specific activities: a-aminoisobu¬ tyric acid-l-14C, 3.0 /¿c//¿mole; D-xylose-U-14C, 0.2 /¿c//¿mole; sucrose-U-14C, 5.0 /¿c//¿mole. The isotopes were added to the medium to make a molarity of 0.1 mM for AIB and sucrose and 1.0 mM for D-xylose.
Bovine growth hormone Results) . Before measuring the uptake of AIB-14C and D-xylose-14C the muscles were preincubated for 10-240 min in 10 ml medium in 25 ml flasks. GH, insulin and dexamethasone and the metabolic inhibitors puromycin and actinomycin D were added to the preincubation medium and the diaphragms were thus exposed to these substances for various lengths of time before the uptake of AIB-14C and D-xylose-14C was measured (see Results).
After the preincubation, the muscles were ligtly blotted and placed in 25 ml flasks with 4 ml buffer containing AIB-14C and glucose (2.5 mg/ml) or uniformly labelled D-xylose-14C without glucose. The AIB-14C uptake was measured after 60 or 120 min of incubation with the labelled amino acid, while the incubation with D-xylose-14C was carried out for 30 min. During this final incubation period one hemidiaphragm was incubated with GH (25 /¿g/ml) and the contralateral hemidiaphragm was incubated with¬ out GH. Adrenaline was added to the final incubation medium in one experiment. Expe¬ riments were also performed in which puromycin (100 or 200 /¿g/ml) and actinomycin D (20 /¿g/ml) were added to the final incubation medium (see Results). Before the incu¬ bations all flasks were gassed with 95°/o O2-5°/o CO2, sealed and placed in a gyratory shaking bath at 37°C. After the final incubation each diaphragm was dissected free from its rib-cage, rinsed rapidly in buffer, blotted, weighed and homogenized in 1 ml of 10°/o trichloroacetic acid (TCA). The experimental conditions used in the present study have been carefully analysed, previously (Hjalmarson 1968 ).
Determination of the intracellular accumulations of A1B-UC and D-xylose-14C The muscles and incubation media were processed and counted to measure the intra¬ cellular accumulation of AIB-14C and D-xylose-14 C by methods described previously (Hjalmarson & Ahrén 1967a, b) . The intracellular accumulation of the labelled substances in the diaphragm is expressed as the distribution ratio of radioactivity between the intra-and extracellular compartments (cpm/ml intracellular water : cpm/ml medium). Within 3 hours after the initial addition of GH (25 ,"g/ml) to the diaphragm the early stimulatory effect of the hormone had subsided. Fig. 2 and Table 3   Table 2 Effect of GH on the accumulation of D-xylose-14C by the diaphragm after preincubation in different glucose concentrations for 3 hours. Table 4 shows that a concentration of 100 /¿g/ml puromycin, like actinomycin D, prolonged the stimulatory effect of GH on the diaphragm and prevented the late inhibitory phase of the hormone. The basal uptake of both D-xylose-14C and AIB-14C was significantly depressed after the preincubation with puromycin. (5) ') Intact hemidiaphragms from hypophysectomized rats were exposed to GH (25 /¿g/ml) and actinomycin D (20 /¿g/ml), separately or combined, for 3 hours. Glucose buffer (2.5 mg/ml) was used.
2) The distribution ratios were determined efter 30 min. of incubation with D-xylose-14C
(without glucose) and after 2 hours of incubation with AIB-14C (with glucose). The sensitivity of the diaphragm to GH (25 /¿g/ml) was studied during this final incuba¬ tion. Mean value ± S. E. Number of muscles in parenthesis. Actionmycin D signi¬ ficantly reduced the basal uptake of AIB-14C (p<0.001). Fig. 3 that puromycin in a concentration of 200 /'g/ml completely blocked the stimulatory effect of GH and also depressed the basal uptake of AIB-14C. Fig. 4 shows that puromycin in this concentration did not decrease the effect of GH on the accumulation rate of D-xylose-14C, although the basal uptake of the substance was markedly depressed. Puromycin in a concentra¬ tion of 100 ,«g/ml also significantly decreased the basal uptake of AIB-14C, but did not completely block the stimulatory effect of GH on the AIB-14C transport.
The prolonged incubation with actinomycin D in a concentration of 20 /¿g/ml did not reduce the stimulatory effect of GH on the uptake of AIB-14C and D-xylose-14C in the diaphragm, although the basal uptake of AIB-14C was signi- Intact hemidiaphragms from hypophysectomized rats were incubated for 3V2 hours with puromycin (200 /¿g/ml) and actinomycin D (20 /¿g/ml). The effect of GH (25 ,«g/ml) was studied on the accumulation of D-xyIose-14C during the final 30 min. of incubation. This incubation was carried out in buffer without glucose, while during the first 3 hours of incubation glucose buffer (2.5 mg/ml) was used.
There are 4 muscles in each group and the standard error of the mean is indicated at the top of each column. The effect of GH was significant (p< 0.001) in all groups. Puro¬ mycin significantly depressed the uptake of D-xylose-14C both in presence and absence of GH (p<0.005). ') Intact hemidiaphragms from hypophysectomized rats were exposed to GH, insulin, or GH and insulin for 3 hours. Glucose buffer (2.5 mg/ml) was used.
2) The Influence of adrenaline on the effects of GH Table 7 shows that adrenaline in the concentration of 1.0 /'g/ml significantly reduced the accumulation rate of D-xylose-14C in the diaphragm both in the presence and absence of GH (25 /¿g/ml). It has also been reported that dipping of the diaphragm in a GH solution also for only 1 min. resulted in a stimulation of the AIB transport (Kostyo & Schmidt, 1961) . The alterations in the muscle metabolism, which occur during the 2-3 hours after the initial exposure of the diaphragm to GH, leading to the late inhibitory effect are unknown.
The results from the present study show that the late inhibitory effect of GH on the membrane transport of AIB and D-xylose will not be generated, if the antibiotics actinomycin D and puromycin are present at the initial addition of GH to the diaphragm or if glucose-free medium is used during the first 3 hours of incubation. The concentration of actinomycin D used in the present experi¬ ments, 20 ¿¿g/ml, has been found to almost completely block the RNA-synthesis in the diaphragm within 30 min. (Knobil, 1966) . Puromycin was used in a con¬ centration of 100 ¿¿g/ml which has been reported to markedly depress the protein synthesis in the diaphragm within 15 min. (Sovik, 1966 (Goodman 1967) and the delayed lipolysis (Fain et al. 1965 ) otherwise produced by the hormone was completely abolished. As mentioned above, it is likely that both the early and late phase of the GH action may stem from a very early interaction of the tissue and the hormone. It may, thus, be assumed that immediately after exposure GH initiates the synthesis of new messenger RNA, which by some un¬ known mechanism after 2-3 hours elicits the late effects of GH. The interval between the addition of the hormone and the development of the delayed effects seems not surprising in view of the recent work by Florini and Breuer (1966) , showing that significant activation of muscle RNA synthesis does not occur until several hours after the administration of GH.
Several investigators have shown that fatty acids and ketone bodies inhibit the glucose utilization by the rat diaphragm and perfused rat heart in vitro and impair the sensitivity of these tissues to insulin (Williamson & Krebs 1961; Shipp et al. 1961; Rändle et al. 1963) . It has been suggested that the increased oxidation of fatty acids and ketone bodies will interfere with the glycolysis at the level of phosphofructokinase (for ref. see Rändle et al. 1966 ). Addition of GH in vitro to the isolated rat diaphragm has been supposed to increase the rate of lipolysis (Rändle et al 1963; Rändle et al. 1966) . From studies on adipose tissue it is known that the liposysis induced by GH and dexamethasone in vitro will not be obtained until two hours after addition of the hormones, and that this lipolytic effect can be blocked by puromycin and actinomycin D (Fain et al. 1965 The experiments with adrenaline also show that the late inhibitory effect of GH cannot simply be due to inhibition of the glucose phosphorylation resulting from increased accumulation of glucose-6-phospate. Walaas & Walaas (1950) re¬ ported that adrenaline decreased the glucose uptake by the rat diaphragm, which has been thought to be due to inhibition of the glucose phosphorylation (for ref. see Rändle & Morgan 1962) . The observation in the present study that adrenaline also decreased the uptake of D-xylose both in the presence and absence of GH makes it likely, that adrenaline also by some other mechanism interferes with the membrane transport of sugars in the diaphragm. Newsholme & Rändle (1961) showed that adrenaline (20 ¿(g/ml) markedly increased the concentration of glucose-6-phosphate in the diaphragm, but in contrast to the present results, these authors did not find any effect of adrenaline on the D-xylose transport.
Pretreatment of the diaphragm with GH for 3 hours in presence of glucose made the diaphragm insensitive to further addition of GH, while no such refrac¬ toriness was induced when the preincubation was performed in glucose-free me¬ dium. It is known that the early insulin-like effect of GH will increase the glucose uptake in the diaphragm (for ref. see Rändle & Morgan 1962) and it must there¬ fore be questioned whether increased glucose uptake per se could decrease the sensitivity of the muscle to GH. There are, however, some observations from which such an interpretation can be excluded. In vitro pretreatment of the dia¬ phragm for 3 hours with insulin, in concentrations which is known to markedly increase the glucose uptake, did not reduce the subsequent effect of GH. Further¬ more, preincubation of the diaphragm without hormones in buffer with increasing concentrations of glucose (0-5 mg/ml) did not decrease the sensitivity of the diaphragm to GH during a subsequent incubation period.
As discussed above, the presence of puromycin (100 /¿g/ml) or actinomycin D (20 /¿g/ml) during the 3 hours preincubation with GH, prevented the develop¬ ment of refractoriness of the diaphragm to the hormone. It should be observed that in these experiments puromycin and actinomycin D were not present during the final incubation period with AIB and D-xylose. It was recently suggested by Kostyo (1968) that the stimulatory effect of GH on the membrane transport of AIB in the diaphragm may be dependent upon the stimulation produced by GH on the protein synthesis. Kostyo found that when diaphragms were incubated with puromycin (185 ,«g/ml) for 2 hours and bovine GH (25 ,«g/ml) was added during the second hour of incubation, no effect of the hormone was found on the membrane transport of AIB. Under these conditions it was found that puromycin inhibited the incorporation rate of leucine into protein by about 99°/o. In the present study it was found that when diaphragms were incubated for 5 hours with puromycin in a concentration of 200 ¿'g/ml, the effect of GH on the uptake of AIB during the final 2 hours of incubation was completely abolished and the uptake of AIB was depressed. At a concentration of 100 /¿g/ml, puromycin also decreased the uptake of AIB both in presence and absence of GH, but a significant stimulatory effect of GH was, however, still seen. A notable fact is that in similar experiments, puromycin at a concentration of 200 ,"g/ml, did not reduce the stimulatory effect of GH on the membrane transport of D-xylose in the dia¬ phragm. Thus, the present results confirm the findings by Kostyo (1968) 
